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X-ray Crystal Structure of Glycyrrhizin Dipotassium Salt
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The coordination of six potassium ions to glycyrrhizin (1) is
shown in a crystal: two crystallographically independent (K1
and K2) and four symmetry-translated potassium ions coordinate
to the oxygen atoms of the sugar-linkage moiety, and the K1 and
K2 ions form seven and six coordination bonds with the neigh-
boring oxygen atoms, respectively. Although three carboxyl
groups of 1 are in an anionic state, two of the glycosides partic-
ipate in the coordination bonds with the potassium ions.

Among triterpene oligoglycosides, which are the principal
ingredients of Glycyrrhizae Radix, glycyrrhizin (1) is the most
important principle. The structure analysis of 1 has been receiv-
ing much attention because of the evaluation of its conforma-
tion,! sugar-linkage, and coordination mode with counter ion
such as K+, Na*, and NH,*.2 However, 1 has been still resisting
efforts of crystallization. On the other hand, 1 forms a tripotas-
sium salt, which yields monopotassium salt on recrystallization
from hot acetic acid. For liberation of the remaining cation, a
strong cation exchange resin or dilute sulfuric acid is needed.’
Thus, it is interesting to reveal which carboxylic acid group par-
ticipates in the strong salt formation. Recently, we succeeded for
the first time in the crystallization of dipotassium glycyrrhizate
(2) using 1 monopotassium salt* dissolved in an aqueous solu-
tion containing 10% dimethylformamide (DMF) by slow evapo-
ration (Figure 1). Since the crystals are thin and fragile plates
and become opaque quickly in air, the structural accuracy is a
little inferior to that usually reported.’

The molecular conformation of 2 is shown in Figure 2, and
some selected bonding and conformational data are listed in
Table 1.

The bond lengths and angles of three carboxyl groups clear-
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Figure 1. Molecular structure of 2 (dipotassium salt of 1), to-
gether with some atomic numberings.
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Figure 2. Molecular conformation of 2. The translation opera-
tion of each potassium ion is given in parenthesis. The broken
lines show coordination bonds.

ly show that these are all in an anionic state, suggesting no nota-
ble difference among them in the potency for salt formation. The
molecular dimensions of aglycon and diglycoside moieties are
essentially the same as those of glycyrrhezin® and a-sophorose,’
respectively, and the molecular conformation of 2 is defined with
four torsion angles of H3-C3-0O1-C1’ (¢1), C3-O1-C1’-HI
(¢2), H2'-C2'-03-C1” (¢)3), and C2'-03-C1”"-H1"” (¢p4). The
eclipsed orientation for ¢1 (—19.4°) and ¢3 (24.8°) is due to
an anomeric effect, and the gauche orientation for ¢2 (38.7°)
and ¢4 (56.1°) is due to the exo anomeric effect of oligosaccha-
ride.® Similar conformation has been observed in the crystal stru-
cutre of 1 ammonium salt.?

A structural feature of 2 is the simultaneous coordination of

061

o4

O(DMF-2) 04

02 01

K2
063 O(DMF-3)
062

O(DMF-3)

Figure 3. Coordination modes of K1 and K2 atoms. The coor-
dination distances are as follows: K1-02, 2.849; K1-061,
2.718; K1-O(DMF-2), 2.734; K1-064, 2.725; K1-02", 2.771;
K1-03”, 2.814; and KI-O(DMF-3), 3.269A and K2-OlI,
3.096; K2-04, 3.129; K2-063, 2.662; K2-O(DMF-3), 2.667;
K2-04', 2.753; and K2-062, 2.798 A.
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Table 1. Selected structural data

Bond distance (A) and angle (°) of carboxyl group
C30-030 1.240(09) C30-031 1.259(8) 030-C30-031 122.7(7)
C6'-061 1.230(7) C6'-062 1.284(7) 061-C6'-062 126.9(6)
C6"-063 1.251(6) C6"-064 1.281(7) 063-C6"-064 126.5(5)
Torsion angles (°) around diglycoside moiety
C2-C3-01-Cl 94.1(5) C4-C3-01-CVl —138.5(4) H3-C3-01-Cl’ (¢1) —19.4
C3-01-C1I'-C2 154.2(4) C3-01-C1'-02 —85.7(5) C3-O1-Cl'-HY’ (¢2) 38.7
Cl'-C2'-03-C1” 143.9(4) C3-C2'-03-C1” —97.5(5) H2'-C2'-03-C1” (¢p3) 24.8
C2'-03-C1"7-C2” 175.6(4) C2'-03-C17-04 —65.1(5) C2'-03-C1"-H1" (¢4) 56.1
Hydrogen bonds (A) (donor at x, Y, z—acceptor at symmetry operation)
03-062 (x+ 1/2, —y+3/2, —2) 2.579 04-064 (x—1,y, 2) 2.594
02"-04" (x — 1/2, =y +5/2, —2) 2.678 02"-O(W1) (x,y+ 1, 2) 2.838
03"-03" (x+ 1/2, =y +5/2, —z) 2.682 O4-O(Wl) x+ 1, y+ 1,2 2.718
OMDMF1)-031 (—x+ 1,y +1/2, —z+1/2) 2.679 O(W2)-063 (x, y, 2) 2.763

six potassium ions to one molecule (Figure 2), in which two
crystallographically independent potassium ions (K1 and K2)
and their symmetry-translated four potassium ions coordinate
to the oxygen atoms of diglycoside moiety, not aglycon moiety.
The coordination modes of K1 and K2 atoms are shown in
Figure 3. K1 atom forms seven coordination bonds: O61,
O(DMEF-3) and O3” are located at the axial position and four
atoms of 02, 064, 02", and O(DMF-2) in a plane, thus forming
a distorted octahedral form. K2 ion forms six coordination bonds
with a pyramidal fashion of O4’ at the apex and O1, 04, 063,
062, and O(DMF-3) in a plane.

The present work showed that the trianionic form of 1 has
two binding sites for potassium ions. The position of K2 may
be more preferable for the coordination with potassium than that
of K1, because K2 forms three coordination bonds to an isolated
1, whereas K1 is limited to two bonds.

In the crystal structure, the aglycon and diglycoside moieties
of 2 create discrete hydrophobic and hydrophilic layers, respec-
tively, and these are alternatively expanded perpendicular to the
c axis.’ Potassium ions are located at the diglycoside moiety and
stabilize the hydrophilic layers through the coordination bonds
and ionic interactions with the hydroxy and carboxyl groups.
About two-thirds of the unit cell are sparsely occupied with
the aglycon moieties, resulting in fragile crystal packing. DMF
and water molecules locate at these sparsely occupied spaces
through the hydrogen bonds and stabilize the crystal structure.
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